The activity of important glycolytic enzymes (hexokinase, phosphofructokinase, aldolase, phosphohexoseisomerase, pyruvate kinase and lactate dehydrogenase) and glutaminolytic enzymes (phosphate-dependent glutaminase) was determined in the thymus and mesenteric lymph nodes of Wistar rats submitted to protein malnutrition (6% protein in the diet rather than 20%) from conception to 12 weeks after birth. The wet weight (g) of the thymus and mesenteric lymph nodes decreased due to protein malnutrition by 87% (from 0.30 ± 0.05 to 0.04 ± 0.01) and 75% (0.40 ± 0.04 to 0.10 ± 0.02), respectively. The protein content was reduced only in the thymus from 102.3 ± 4.4 (control rats) to 72.6 ± 6.6 (malnourished rats). The glycolytic enzymes were not affected by protein malnutrition, but the glutaminase activity of the thymus and lymph nodes was reduced by half in proteinmalnourished rats as compared to controls. This fact may lead to a decrease in the cellularity of the organ and thus in its size, weight and protein content.
It is widely accepted that protein-energy malnutrition (PEM) is associated with compromised immune function. Deficiencies in secretory IgA, complement, phagocytic activity, and decreased lymphocyte proliferation in response to phytohemagglutinin stimulation have been reported to occur under these conditions (1) . In 1991, Chandra (2) reviewed the impairment of immune function that occurs in PEM and correlated these changes with the incidence of infection and the high morbidity of children younger than 5 years in developing countries. A high incidence of pneumonia and diarrhea during the first 4 years of life has been reported by Victora et al. (3) in Brazilian children. Lymphoid atrophy is a prominent feature observed in humans and laboratory animals with PEM. Anatomical changes occurring in lymphoid tissues in malnutrition have been described for over 144 years. The thymus was noted to be "a barometer of malnutrition, and a very sensitive one" (2) . The size and weight of the thymus are reduced. Histologically, there is a loss of corticomedullary differentiation and fewer lymphoid cells are observed. In the spleen there is a loss of lymphoid cells around small blood vessels. In lymph nodes the thymus-dependent paracortical areas show depletion of lymphocytes (2) . In spite of the changes in the structure and function of the lymphoid organs, to our knowledge no systematic studies have been performed on the metabolism of these tissues in protein malnutrition.
Several studies have shown the important role played by lymphocyte metabolism for its proliferation (4). These cells utilize glucose and glutamine at high rates but these substrates are only partially oxidized: glucose is converted to lactate and glutamine to glutamate, aspartate and lactate (5,6). Therefore, it has been recognized that the main metabolic pathways of these cells are glycolysis (partial oxidation of glucose) and glutaminolysis (partial oxidation of glutamine). In fact, these pathways provide ATP (7) and generate important precursors for the synthesis of macromolecules such as lipids (8) and nucleotides (5) . Glycolysis is partially regulated by certain enzyme activities such as hexokinase (HK), phosphohexoseisomerase (PHI), phosphofructokinase-1 (PFK-1), aldolase, pyruvate kinase (PK) and lactate dehydrogenase (LDH) and glutaminolysis is regulated by phosphate-dependent glutaminase. Knowing that glucose and glutamine are important metabolites for lymphocytes, the impaired immune function in malnourished rats could be caused by a decrease of the activity of these enzymes. In the present study, the activities of these enzymes were determined in the thymus and mesenteric lymph nodes of rats submitted to protein malnutrition from conception to 12 weeks after birth.
The rats received a control diet containing 20% protein (9) or a protein-deficient diet containing 6% protein (Table 1) . Pregnant rats were maintained on the control or protein-deficient diet throughout pregnancy and until weaning. The average number of pups per mother was 8.1 ± 0.7 for control and 7.3 ± 0.6 for malnourished rats (means ± SEM of 8 mothers). After weaning, male rats were fed ad libitum for 12 weeks with the same diet given to the mothers. A similar schedule to impose malnutrition has been used by others (10, 11) . Daily food intake (g/ 100 g body weight) at the end of this period was 6.3 ± 0.6 for control and 7.6 ± 1.8 for undernourished rats (means ± SEM of 20 animals). These findings support the proposition that total calorie intake was appropriate for age/weight of the rats and therefore the protocol provides a model for protein malnutrition but with normal calorie intake.
The rats were kept in a room at 23 ± 2 o C on a 12-h dark/light cycle (lights on at 7:00 p.m.). All rats were killed by cervical dislocation without anesthesia and blood was collected for determination of total protein by the method of Gornall et al. (12) . The lymphoid organs (thymus and mesenteric lymph nodes) were removed, weighed and kept in liquid nitrogen prior to the measurement of protein content and enzyme activities. All chemicals and enzymes were obtained from Sigma Chemical Co. (St. Louis, MO).
On the basis of preliminary experiments carried out to provide optimal conditions for The body weight and fresh weights of thymus and mesenteric lymph nodes, reported as the mean ± SEM of 9 rats, were 320.0 ± 28.5, 0.30 ± 0.05, and 0.40 ± 0.04 g, respectively, for control rats, and 66.0 ± 17.8, 0.04 ± 0.01, and 0.10 ± 0.02 g, respectively, for malnourished rats. There was a significant decrease (P<0.05) in the three parameters due to protein malnutrition. Plasma albumin levels (3.70 ± 0.34 and 6.60 ± 0.78 g/100 ml for malnourished and control rats, respectively, as the mean ± SEM of 7 determinations) were also reduced (P<0.05). The decrease in plasma albumin levels (44%) and in body weight (80%) indicates the severity of the protein malnutrition schedule imposed on the rats. The fresh weight of the thymus and mesenteric lymph nodes was decreased by 87% and 75%, respectively. The reduction in lymphoid organ weight has also been reported by others for both laboratory animals and humans (2) . The relative weight (g/100 g body weight) of the thymus did not differ between groups, whereas a reduction was found for mesenteric lymph nodes (0.23 ± 0.05 compared to 0.10 ± 0.016 for control animals, as the mean ± SEM of 9 rats).
The protein content of the lymphoid organs was also determined. The values (in mg/g fresh tissue) expressed as mean ± SEM of 5 rats were: for mesenteric lymph nodes, 96.1 ± 5.2 (control) and 81.4 ± 5.7 (malnourished rats); for thymus, 102.3 ± 4.4 (control) and 72.6 ± 6.6 (malnourished rats). The reduction in protein content was significant (P<0.05) only for the thymus.
The activity of the enzymes of the glycolytic pathway was not affected by malnutrition (Table 2 ). These findings support the proposition that this condition does not seem to affect glucose metabolism of the lymphoid organs and thus a reduction of the flux of metabolites through this pathway is un- likely to play a role in the involution of these organs in protein-malnourished rats. The glutaminase activity (µmol/min per g fresh tissue) of thymus and lymph nodes was reduced by half in malnourished rats as compared to controls (Table 2 ). These results support the proposition that the flux of substrates through glutaminolysis might be decreased due to protein-calorie malnutrition. Since glutamine is an important precursor of nucleotide synthesis (7), the utilization of this metabolite is assumed to control the rate of cell proliferation (5) . Therefore, a low glutaminase activity may lead to a decrease in the cellularity of the organ and thus of its size and weight.
